Energy consumption habits strictly depend on technology, as well as individual and social attitudes. In this paper, we investigate the important factors in changing energy consumption behaviour. To that end, we provide a high level systemic framework to integrate relevant theories of social behaviour and implement them in the context of energy consumption. A survey is designed to demonstrate the usability of this framework. The results of this survey support the hypothesis that education and technology have a positive impact on energy-saving behaviour. However, our findings regarding the role of social aspects of individuals were not conclusive.
Introduction
Reducing energy use plays an essential role in preserving our environment. Individual participation in this process has a highly positive effect on the process of reducing carbon dioxide and meeting climate change targets (Spence et al., 2014) . Study after study shows that human behaviours directly impact the most important environmental problems, including global warming and air pollution. For example, Steg et al. (2014) discuss that changes in relevant behaviours improve environmental quality and behavioural changes toward reduced energy consumption can result in a 7.4% reduction of carbon emissions in the USA (Jain et al., 2013) . In addition, the fourth IPCC report shows that technical energy efficiency measures, by impacting cost, will reduce projected baseline carbon dioxide emissions by nearly 29% by 2020 in the global residential and commercial building stock, and by 75% for new buildings (Moezzi and Janda, 2014) .
In this research, we first provide a systemic framework to integrate the relevant theories and aspects of individuals' energy behaviour. Having such a framework enables us to identify relevant parameters of behaviour change. Then, we use this to identify a set of parameters that might affect energy behaviour. A survey is designed to investigate the significance of these parameters and highlight the important ones. The rest of this paper is organised as follows. Section 2 presents a set of relevant theories and discusses the importance of individual capabilities and social networks in changing energy consumption behaviours. Section 3 presents the high-level systemic framework and discusses the three sub-layers (human-institutional, physical, and data) that cumulatively cover the different aspects of household energy consumption. Section 4 discuses the data analysis and hypothesis confirmation. Finally, conclusions are drawn in Section 6.
Theoretical background
Energy consumption habits strictly depend on technology, as well as individual and social attitudes. In order to increase the efficiency of energy systems under complex and uncertain conditions, facilitate problem solving, and improve future management of energy consumption, it is necessary to support the development of capacities at individual, social, and technical levels. In practice, the process of energy behaviour change is based on sociostructural and techno-structural contexts, i.e., individual, social and technical behaviours play a significant role in reducing energy consumption, energy costs, and carbon footprints.
Since human behaviours are rooted in social situations, institutional contexts and cultural norms, individual adaptation and change as well as personal agency are also embedded within those networks. Social structures shape rules and resources to organise, guide, and regulate human actions. Meanwhile, human activities create, implement, and alter social systems. Within this two-way dynamic, personal agency and social structure operate "as interdependent determinants in an integrated causal structure rather than as a disembodied duality" (Khansari et al., 2014b) .
Economic, physical, and social processes thus shape consumption in ways that are further impacted by nature, environment, culture, laws, politics, and infrastructure of society. The experience of one's behaviour shapes attitudes, and this behaviour is shaped in turn by those attitudes. Economics, demographics, consumer values, and psychology are all important to an understanding the different aspects of consumption behaviour. Sociological perspectives complement marketing's emphasis on economics, and psychological perspectives consider consumption as a social process formed by cultural conventions and shared meanings, routines, cultural representations, and tacit rules. This process governs behaviour within various social contexts (Peattie, 2010) .
There are different barriers to acting in sustainable ways. Three socio-technical barriers to renewable power in the US are economic, political, and behavioural. The economic barriers include financial implementation, market obstacles, and market failure. Political barriers include regulatory challenges such as weak and inconsistent incentives, varying standards, competition among utilities, and underfunding of research and development. Behavioural barriers include the cultural and social dimensions of power technologies, such as public apathy and misunderstanding, psychological resistance, and the interpretive (Sovacool, 2009b) . Norms and attitudes towards sustainability impact consumers' behaviours, influencing the use of green energy systems through peer (social network) pressure (Khansari et al., 2015c) .
"Habit formation is an important goal for behavior change interventions because habitual behaviors are elicited automatically and are therefore likely to be maintained.
Habits are automatic responses to contextual cues, acquired through repetition of behavior in the presence of these cues" (Lally et al., 2011) . "Habits are automated response dispositions that are cued by aspects of the performance context (i.e., environment, preceding actions). They are learned through a process in which repetition incrementally tunes cognitive processors in procedural memory (i.e., the memory system that supports the minimally conscious control of skilled action). The relatively primitive associative learning that promotes habits is shared in some form across mammalian species" (Neal et al., 2006) . Learned acts are habits and sequences of a series of habits are routines; i.e., habits include a persistent pattern of learned behaviours and the sequence of responses in a routine. In practice, "habits and routines lead to a long-term tendency to respond in a certain way" (Heimlich and Ardoin, 2008) . In fact, essential environmental problems are mainly rooted in the conflict between collective environmental costs/risks and individual, social, and economic benefits of numerous behaviours. The former ranges from individual beliefs to social cognition, while the latter fluctuates between deliberate and routine behaviours. Psychologists can play an essential role in resolving this conflict and motivating society to move towards environmental, economic, and social sustainable development. To motivate behaviour change, feasible behaviour alternatives are needed (Vlek, 2000) .
According to social learning theory, the results of interactions between personal and environmental variables identify behaviour. Although environment plays a key role in shaping behaviour though learning, that environment is itself shaped by individuals. Individual behaviour is the result of direct experience, observational, or vicarious learning. Social learning theories maintain that most behaviour lead to consequences that in turn act as feedback, either maintaining or changing that behaviour in the future. Social cognitive theory explores the idea that neither environment nor inner forces control individuals (Khansari et al., 2014a) . In other words, individuals learn by observing the behaviours of others and directly experienced reinforcement. The social learning perspective is useful in dealing with complexity, uncertainty, and conflict during the process of decision making about sustainable behaviours (Garmendia and Stagl, 2010; Khansari et al., 2015) .
Psychological variables and their contextual conditions affect energy consumption behaviours. Contextual conditions are complex and heterogeneous categories that include physical structural conditions (e.g., home size, housing design such as room size and window area, technologies such as furnaces and thermostats, standards, and the format and frequency of information about household energy consumption), socio-demographic characteristics (household size and composition, social class, number of teenagers in the household, age, and gender of household), supporting infrastructure and institutions (e.g., electricity grids, utility tariffs, and services), and cultural and economic aspects (e.g., social norms including indoor temperature and room occupancy profiles, as well as economic incentives such as income of household occupants). Accordingly, socio-structural conditions can enhance households' self-efficacy and their efforts regarding energy efficiency behaviours (Khansari et al., 2014a; Stern, 2014) .
"Self-efficacy beliefs regulate human functioning through cognitive, motivational, affective, and decisional processes" (Bandura, 2002) . Through observational learning, individuals transform knowledge, attitudes, values, emotional proclivities, and competencies from the information conveyed by actual and symbolic modelling. In Bandura's social cognitive theory, self-efficacy is the core construct. Bandura defines self-efficacy as individual's confidence in producing behaviours. According to the theory, behaviour change is the result of a personal sense of control. In practice, if people believe that they can take action or they have a sense of self-efficacy, then they will take action or be more committed to doing so (Bandura, 2002) . Thogersen and Gronhoj have proposed a conceptual framework to investigate the energy-saving efforts of households based on social cognitive theory. This research shows that households' electricity-saving efforts depend on the strength of their internalised norms or self-expectations, and on self-efficacy related factors (Thogersen and Gornhoj, 2010) .
In sum, demographic factors, external factors (institutional, economic, social, and cultural) and internal factors (motivation, pro-environmental knowledge, awareness, values, attitudes, emotion, locus of control, responsibilities and priorities) may affect the proenvironmental behaviour of human beings. By harnessing these factors, we can train people and convince them to accept change, or prevent resistance against change (and thus help them accept sustainable behaviour) (Khansari et al., 2015a) .
Sharing of information is another strategy that plays an essential role in the behaviour change process. Educators, developmental psychologists, and social psychologists explain the ways in which the process of gaining knowledge translates into behaviour. Educators provide information, enhancing knowledge and awareness. Psychologists consider beliefs, attitudes, and behaviour to all be key elements in this process. Developmental psychologists pay attention to cognitive and general psychological structures, and combine the main variables presupposed in educational and social psychological views (Finger, 1994) . However, there is little or no impact from enhancing knowledge and creating supportive attitudes when it comes to energy-efficient behaviours (Finger, 1994; McKenzie-Mohr, 2000; Sovacool, 2009a) .
Both technology and human approaches are capable of motivating sustainable energy behaviour. The human approach involves 'understanding how and why people use energy'. Meanwhile, new technologies provide real-time and continuous energy consumption feedback, including energy use, energy cost, and environmental impact, which can positively influence energy behaviours (Khansari et al., 2014a ) through persuasion and social influence (Emeakaroha et al., 2012) .
Changing behaviours is essential to achieving the goal of decreased energy consumption. Appliances such as smart meters (and the energy monitoring tools they enable) can increase consumers' engagement and educate them about home energy consumption. Smart meters provide two-way communication in their presentation of electricity usage data, encouraging individuals to reduce energy use by decreasing peak demand, improving investment in new generation capacity, and facilitating renewable energy use. Accordingly, there is new potential to reduce CO2 emissions and promote sustainable behaviours (Spence et al., 2014; Pina et al., 2012; Xenias et al., 2015) . In practice, a smart grid affects energy consumption and consumer participation through information about their individual energy consumption patterns and energy-efficient behaviour (Verbong et al., 2013; Siano, 2014; Aman et al., 2013) . However, barriers remain, including the domain of privacy, limited degree of control, lack of interest or time, and difficulty of changing routine behaviour. These include social barriers such as daily routines, individual preferences and interpersonal relations (Verbong et al., 2013) . In other words, it is also essential that the larger social context accept smart technologies (Geelen et al., 2013) . In short, smart meters can strongly impact costs, maximise benefits, and engage customers, increasing their confidence and motivation to participate in energy-saving initiatives (Bradley et al., 2013; Aghaei and Alizadeh, 2013; Gangale et al., 2013; Froehlich et al., 2011) . Figure 1 shows the structure of the survey. Average house thermostat temperature, air leak control, unplugging unused appliances, types of lamps, and rooftop solar/wind turbines all represent energy behaviours. In this survey, the authors consider the individuals' energy behaviour based on the three layers discussed above (human-institutional, physical, and data). As mentioned, in the human-institutional layer individual capacity, social capacity, and socio-demographic characteristics all play essential roles in energy consumption patterns. To investigate individual capacity, awareness and self-efficacy are used as measures. Specifically, the survey investigates how individuals feel about the relationship between fossil fuel consumption and global temperature, and how they feel about the importance of their own role (i.e., via their actions) in promoting energy conservation. To investigate the effect of socio-demographic characteristics, the survey questions individuals about basic household information, including household size and number of children under 18. Regarding the factors affecting energy behaviours in physical layer, the survey investigates house characteristics including type, age, location, and ownership status. Any use of programmable thermostats and smart meters is also taken into account. Finally, real-time data makes up the data layer. The main dependent variable of interest is energy expenditure for each household. This is modelled using linear regression, and the impact of various categorical and continuous variables is explored. The relevant R-squared, t-values, and p-values for each variable are extracted to examine the hypothesis. In addition, the impact of individual and household characteristics on energy-related behaviour is analysed by contingency tables as well as exploratory graphical analysis. There are various categorical and nominal parameters to represent individual characteristics such as age, gender, income, education, etc. The relationship between these characteristics and multilevel selections such as adoption of renewable energy are examined using a logistic regression model. Contingency tables are used to examine the relevance of input variables for predicting energy consumption behaviour. The detailed results of this survey will be presented in future research.
Data analysis and hypothesis confirmation
In this section, the analysis of survey data is presented. The target population includes adults between 18 to 40 years old. The survey questions, depicted in the Appendix, have been sent to a sample of 800 people. Out of this sample, 517 responses were collected, amounting to a 64.62% response rate. Because of missing values in 40 cases, the final data includes 477 records. Table 1 presents characteristics of the sample based on gender, age, and education. Before using the data for analysis, responses were weighted by gender, age, and educational attainment. The relative weights for each category of respondents are extracted from (US Census Beaureau, n.d.). Table 2 displays individual, social, and technical aspects of energy behaviour. The first row of this table shows the distribution of survey respondents regarding their opinion about the positive effect of using smart meters on moving towards energy saving. The second row of Table 2 depicts how participants behave in terms of unplugging appliances that are not in use. The third row 2 investigates whether or not people believe that many utilities introduce programs to encourage their customers to use electricity during off-peak hours. The fourth row 2 investigates whether survey respondents already use renewable energy such as solar or wind, and if they are interested in moving towards renewable energies or not. The fifth row shows how people think about the role of individuals in promoting energy conservation. The sixth row 2 investigates whether people are encouraged to move towards energy saving when their frequent acquaintances do so. Finally, the last row investigates whether or not respondents believe that fossil fuel energy consumption and global temperature have a bidirectional effect on each other.
Survey results
In this section, the theoretical framework discussed in Section 2 is used to analyse the data. The impact of educational achievement of the respondents on their energy behaviour is studied using education as the control variable, lighting as a related variable, and renewable energy interest, winter and summer thermostat variables, and average bill payments as outcome variables. For categorical data, Pearson's chi-square (χ 2 ) test of independence is used. For ordinal data, t-test is used and a linear model is fit to analyse the range of average bill payments. The value of statistical parameters, degrees of freedom, and p-values are presented in Table 3 . Table 3 The independence test of educational attainment and energy behaviour The four variables that stand out in p-values are no. of CFL lamps, unplug not-used appliance and renewable energy interest, as well as average bill payment. Fixing air leaks also shows a small p-value that demonstrates a weak relationship with education. We can conclude that there is a strong relation between educational attainment of respondents and their energy-saving behaviour. The lack of conclusiveness of a relationship between the education and having smart meter variables and degree of thermostat in winter and summer is notable. The average bill payments for different levels of education are depicted in Figure 2 . Similarly, we analyse the impact of gender on energy behaviour. The results are presented in Table 4 . Except for having smart meters, no other variables show a statistically significant relationship to gender. Moreover, there is a very weak relationship between average bill payment and gender. The second dimension of the analysis includes the impact of social status on energy consumption behaviour. For this analysis, we used the two variables 'social effect' and 'self-confidence' as independent variables. The results of the independence tests are presented in Table 5 . The small p-value of other types of lamps does not point to any reasonable conclusion. The only variable with a small p-value is self-confidence, which provides evidence that social effect and social confidence have a one-to-one relationship. The small p-value of average bill payment is simply the result of one outlier group, as shown in Figure 3 . Self-confidence is another variable representing the impact of social status. The correlation between this variable and energy behaviour is examined in Table 6 . The only variable showing a strong dependence on self-confidence is lighting. In practice, none of the other variables show any relationship with self-confidence. A similar pattern also exists with average bill payment, as provided in Figure 4 . The third and final dimension of the analysis is the impact of personal dimensions on the energy consumption of participants. Having smart meter and off-peak behaviour were used as dependent variables, and lighting-related, thermostat-related, unplug not-used appliance, and renewable energy interest were used as independent variables. The results for having smart meter are presented in Table 7 . As p-values suggest, there is no evidence of strong statistical dependency between energy behaviour and personal dimensions. The only variable with a statistically significant dependency is the level of self-confidence of the respondent. Interestingly, this variable shows no relationship to either having smart meter or off-peak behaviour.
Conclusions
The survey data was analysed using the developed theoretical framework. Three independence tests (χ 2 , t, F) were used to examine statistically significant relationships between variables. While the detail of the analysis is presented in the relevant section, the results generally support the impact of education on energy-related behaviour of participants. However, the social aspects of individuals, which were represented by their level of self-confidence and social network effects, were not conclusive. Moreover, the use of smart meters did not have a positive impact on the off-peak behaviour of participants.
In future research, the impacts of social effect, technology, and their relative importance should be analysed in further detail. We will continue to explore whether providing comparative consumption information and energy consumption tips will help households save on energy costs and reduce their carbon footprint. In practice, we encourage people using smart energy technologies to participate in our project. They will periodically be provided data about average energy usage of their social network, and tips they can follow to decrease their own energy consumption. We also provide participants with online surveys at the end of each year, in a process lasting four years. The goal is to show how smart cities can support efforts to move towards energy saving.
